Background: Snow sports such as skiing and snowboarding are recognized as hazardous, but population-based injury rates or specific risk factors have been difficult to estimate as a result of a lack of complete data for both numerator and denominator. Methods: We used data from 3 surveys to estimate the number of participants and annual number of outings in Quebec by age, sex, activity, and calendar year. Injuries reported by ski patrollers were used to estimate injury rates among skiers and snowboarders for the head and neck, trunk, upper extremity, and lower extremity. Results: Head-neck and trunk injury rates increased over time from 1995-1996 to 1999 -2000. There was a steady increase in the rate of injury with younger age for all body regions. The rate of head-neck injury was 50% higher in snowboarders than in skiers (adjusted rate ratio [ARR] ϭ 1.5; 95% confidence interval ϭ 1.3-1.8). Women and girls had a lower rate of head-neck injury (0.73; 0.62-0.87). Snowboarders were twice as likely as skiers to have injuries of the trunk (2.1; 1.7-2.6), and more than 3 times as likely to have injuries of the upper extremities (3.4; 2.9 -4.1). Snowboarders had a lower rate of injury only of the lower extremities (0.79; 0.66 -0.95). Snowboarder collision-related injury rates increased substantially over time. Conclusions: Except for lower extremity injuries, snowboarders have a higher rate of injuries than skiers. Furthermore, collisionrelated injury rates have increased over time for snowboarders. Targeted injury prevention strategies in this group seem justified.
T here are many challenges in evaluating the role of risk factors for skiing and snowboarding. First, it is difficult to make accurate estimates of risk factors without an estimate of the population at risk (ie, a denominator). An often-used denominator is "hill user visits" based on the number of lift tickets sold throughout a season. However, lift tickets generally give little or no information on type of activity, age, and sex. Other limitations of lift tickets as a method for estimating denominators for injury rates have been discussed. 1 Even when relative denominators are available through sampling like in a case-control study, it is rare that the investigators adjusted for the effects of other covariates in the analysis. This makes it difficult to assess the independent contribution of each risk factor to the likelihood of injury.
Finally, many studies of ski or snowboard injuries have not considered risk factors for injuries to specific body regions.
We used data collected in surveys contracted to the Print Measurement Bureau 2 by the Canadian Ski Council 3 to estimate the total number of male and female skiers and snowboarders in different age groups by calendar year. These data, combined with comprehensive ski patrol injury data from Quebec, allow for the calculation of injury rates per 1000 participants and per 1000 outings in various risk groups.
METHODS
The Canadian Ski Council contracts regular surveys to estimate the characteristics of the Canadian ski and snowboard population. 3 A new sample is drawn each year to represent the entire population of Canada over the age of 11 years with the exception of the far north, institutions, and reservations. 2 Canada is first stratified by region and city, within which census enumeration areas are randomly selected according to Statistics Canada definitions. Households within each enumeration area and individuals within each household are then randomly selected. Two weighting processes account for under-or oversampling as well as for Statistics Canada population estimates. An interviewer visits a selected respondent's home for a 30-to 90-minute interview and leaves a self-administered questionnaire with the respondent for 2 to 3 days. The average response rate is 65%; a minimum 60% response rate is required in all strata. The self-administered questionnaire has a 70% to 80% completion rate depending on the demographic characteristics of the respondent. Further details regarding the sampling technique and measurement instruments are available on the Internet. 2 We used data from 3 surveys conducted over a period of 5 years (October 1995 to September 1997; October 1997 to September 1999; January 2000 to December 2000) as estimates of the number of skiers and snowboarders in Quebec by calendar year, age, and sex. These data represent the denominators for our estimated rates. Estimates from the 1995-1997 survey of 7000 homes served as denominators for the 1995-1996 and 1996 -1997 ski-snowboard seasons, estimates from the 1997-1999 survey of 7200 homes were used as denominators for the 1997-1998 and 1998 -1999 seasons, and estimates from the 2000 survey of 7300 homes provided the denominator for the 1999 -2000 season.
To capture participant exposure information, we used the survey data on the number of times the skiers and snowboarders engaged in their respective activities. Participation was categorized as low (once per month), medium (2-3 times per month), and high (4ϩ times per month). We arrived at a denominator of outings for each age, sex, activity, and calendar year grouping by weighting the participation levels as 1 (low), 2 (medium), and 4 (high).
We multiplied the total monthly outings by 3 months (average Quebec ski-snowboard season) to estimate a yearly number of outings. Separate participation-related questions were asked about skiing and snowboarding so that an individual who engaged in both activities would contribute to the denominator of both activities.
The numerators for injury rates are based on Quebec ski patrol reports. All ski areas in Quebec are required by law to send their ski patrol accident reports to the Secretariat of leisure and sport. Although this requirement has been in place since 1988, 4 not all ski hills comply every year. For this reason, and because not all skiing and snowboarding injuries get reported to the ski patrol, 5-7 the incidence rates reported here tend to underestimate the true rates of skiing and snowboarding injuries. However, the relative rates for the comparison of skiers with snowboarders, as well as comparisons by calendar year, age, and sex should not be affected. That is, we are assuming a constant rate of underreporting across all comparisons of interest.
Although the ski patrol accident report form provides space for up to 3 body regions of injury, we used only the first injury. With this approach, we are assuming that the first injury recorded represents the most significant injury, but this is not always the case. We categorized injuries as head-neck, trunk, upper extremity, and lower extremity to consider risk factors for particular body regions.
Injury incidence rates per 1000 participants and 1000 outings are presented by age group (12-17, 18 -24, 25-34 , and 35ϩ), sex, activity (skiing vs. snowboarding), and calendar year (1995-1996, 1996 -1997, 1997-1998, 1998 -1999, and 1999 -2000 or as a continuous variable). We used negative binomial regression to estimate adjusted rate ratios (ARRs) and 95% confidence intervals (CIs). Negative binomial regression is similar to Poisson regression but allows for extra-Poisson variation in the mean number of injuries (ie, the possibility that the variance is greater than the mean). 
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RESULTS
Head and Neck Injuries
After adjustment for age, sex, and activity, the rate of head and neck injury increased by approximately 50% over the study period (Table 2 ). There was a decline in head and neck injuries with increasing age, with 12 to 17 year olds having a rate 5 times those older than 34 (ARR ϭ 4.9; 95% CI ϭ 3.9 -6.2). Head and neck injuries were more common among snowboarders, and among girls and women after adjustment for all other covariates. No changes were evident after adjusting for level of participation.
Trunk Injuries
The rate of trunk injuries also increased over time with the 1999 -2000 rate almost twice that of 1995-1996 (Table 2) . Like with head and neck injuries, trunk injury rates were higher in the youngest age groups after adjustment for covariates. There was no evidence of a sex difference in the trunk injuries, but snowboarders were twice as likely to have trunk injuries as skiers (ARR ϭ 2.1; CI ϭ 1.7-2.6). Once again, estimates were not affected by adjustment for level of participation.
Upper Extremity Injuries
There was some evidence to suggest an increase in injuries of the upper extremity over time ( Table 2) . Those in the 12 to 17 year age group had a rate of injury 4.5 times (CI ϭ 3.6 -5.8) the rate in those 35 and older. There was no evidence of a sex difference in the rate of upper extremity injuries after accounting for covariates. Snowboarders were 3.4 times more likely than skiers to injure an upper extremity (CI ϭ 2.9 -4.1). There were few differences in the population-based and outings-based risk estimates.
Lower Extremity Injuries
There is some evidence to suggest an increase in the rate of injury to the lower extremities over time (Table 2) . Twelve to 17 year olds were 3 times as likely to injure a lower extremity as those 35 and older. The rate of injury to the lower extremities was 1.5 times higher in females than males (CI ϭ 1.2-1.7). Snowboarders were less likely to injure a lower extremity than skiers (ARR ϭ 0.79; CI ϭ 0.66 -0.95).
Collision Injuries
Seven percent of all injuries were the result of a collision (with another person, a natural obstacle, or another obstacle). The remaining injuries were the result of a fall or a jump. There is no evidence to suggest that skier collision injury rates increased over time (Table 3 ). In contrast, the collision-related injury rate for snowboarders increased 16% per year (10 -22%). Collision-related injury rates increased the most for head-neck (21%; range ϭ 11-32%) and trunk (25%; range ϭ 9 -43%) per year.
DISCUSSION
This is one of the few studies to generate populationbased estimates of injury rates in skiing and snowboarding per 1000 participants and per 1000 outings. We related risk factors to body region-specific injury rates and adjusted all comparisons for all other variables. We have directly compared the body region-specific rate of injury in skiing and snowboarding after adjustment for relevant covariates.
We find strong evidence for an increase in injuries of the head-neck and trunk over time. Our collision-related injury time trend analysis, however, only saw increases among snowboarders. The Canadian Ski Council data indicate that the proportion of snowboarders has increased from 1995 (22%) through 2000 (29%). The increasing proportion of snowboarders with their different pattern of movement could contribute to collisions within and between activities. There is some evidence to suggest an association between collisions and head injuries in snowboarders 9 and skiers. 10 Burtscher and Philadelphy noted a 60% increase in the frequency of collisions resulting in injury from 1986 through 1991. 10 In 1991, snowboarders represented 5% of all persons involved in skiing-related collisions, with 80% being the "collision-causer." However, the authors also noted that "collision-causers" tended to be younger and male, and therefore age, sex, or both could have confounded their results. If the interactivity-related hypothesis were correct, we would expect collision-related injury rates to increase in both skiers and snowboarders, which is not what we found.
Snowboarders represent the majority of users of snow parks, which are play areas with half-pipes, rails, and other slope modifications. Our collision-related injury trends could also reflect the proliferation of these areas. There could be a link between collision injury risk and the density of participants or the equipment or terrain in snow parks. Unfortunately, the survey provided no data on the prevalence of snow parks. However, based on separate surveys conducted by the Secretariat of Leisure and Sport, the number of Quebec ski areas with snow parks increased from 48 (73%) in 1999 -2000 to 65 (86%) in 2001-2002. It is unlikely that more than a handful of Quebec ski areas had snow parks in the mid1990s. It is also likely that, for a given number of snow parks, the actual number of users has increased with the increased acceptance of these areas and the growth of snowboarding.
The increases in head and neck injuries could also be associated with the introduction of snow parks because these areas encourage jumping. Tarazi et al. 11 noted that an intentional jump of over 2 meters contributed to 20% of skier and 77% of snowboarder severe spinal injuries. Similarly, a Japanese study 12 found a jump of over 1 meter had contributed to the hospital-treated spinal injuries of 55% of snowboarders but only 14% of skiers. An increase in the frequency of aerial maneuvers could be contributing to the increases in head and neck injury rates. Further research is required to determine if there is a relation between the type, rate or severity of injury, and snow parks.
New types of ski equipment could also contribute to the general increase in injury rates. For example, the super 14 ) increase the risk of lower leg injuries, particularly tibial fractures among younger participants, compared with alpine skis. 14, 15 However, the rates of other types of injuries appear to be lower in skiboarders. 14, 15 Increases in the prevalence of these new types of ski equipment could contribute to the increase in injuries over time, but more research is required.
There is some evidence that helmets provide protection from head injuries. 16 Although this study had limitations (inadequate control for confounding, small sample sizes, and so on), the results are encouraging. Increased use of helmets could help curb the worrisome trend in head injuries.
There was a sharp age gradient in injury risk for skiers and snowboarders, irrespective of the body region of injury. The youngest age group (12-17 years) is most at risk for any injury even after adjustment for activity, sex, and calendar year. This has previously been reported for skiers [17] [18] [19] and snowboarders. 14, 20 At least part of this higher risk among younger participants could be the result of inexperience and a lower ability level.
The effect of lessons on the risk of injury in skiing and snowboarding is equivocal. 6,20 -22 The benefits of instruction in these studies could have been counterbalanced by an increased opportunity for injury (increased number of outings), which was not always taken into account. It remains to be shown that adequate supervision of child and adolescent skiers and snowboarders will reduce the rate of injury.
Females were at less risk for head and neck injuries but at greater risk of injuries to the lower extremities compared with males. These findings are consistent with other investigations. 23, 24 We found no sex differences for injuries to the upper extremities or trunk once other factors were controlled.
There is evidence that properly adjusted bindings reduce the risk of any injury in children, 22 and reduce the risk of certain lower extremity injuries in all age groups. 25 Although some investigators suggest that current release binding systems are optimal and cannot prevent serious knee injuries, 26 the French organization that sets standards for ski equipment suggests that binding standards for women and lighter men be lowered in response to a rise in the rate of injuries to the anterior cruciate ligament of the knee. 27 According to our results, women and those in younger age groups should be particularly vigilant in adjusting and maintaining their bindings. A modification of current release binding settings for these vulnerable groups could also help reduce injuries.
Snowboarders had a greater risk of injuries to the head and neck and upper extremities compared with skiers, and a lower risk of injuries to the lower extremities. This reflects the nature of the 2 activities. These findings are consistent with other reports, 28 -30 with the exception of a greater risk of ankle injuries noted in snowboarders and thumb injuries in skiers. 30, 31 There is evidence that wrist-guard use in snowboarders is effective at preventing wrist injuries, 32, 33 and does not increase the risk of other injuries to the arm or shoulder. 32, 33 Wrist-guard use will likely prevent some of the upper extremity-related trauma in snowboarders.
Limitations
We compared our estimates of the number of outings with the number of Quebec hill visits in reports prepared by the Chaire de Tourisme-University of Quebec at Montreal for the Quebec Ski Areas Association. 34 We could have overestimated the number of visits relative to the estimates in the report. For example, we estimated 6.2 million outings in the 1999 -2000 season compared with Chaire de Tourisme estimates of 5.7 million participation days. It is also possible, however, that the Chaire de Tourisme underestimated the number of visits attributable to a season pass because they ask each ski area operator to estimate for season pass holders the number of outings per year. It is unlikely there is a systematic over-or underestimate associated with either method.
Another limitation of the denominator data is that skiers and snowboarders from outside Quebec were not counted. It was impossible to remove nonresidents from the numerator because residency data were not available from the ski patrol reports. The net effect would be to overestimate injury rates. However, there was no evidence the proportion of injured skiers or snowboarders who were Quebec residents changed between 1994 and 1995 (77%) and 1999 and 2000 (78%), the only years these data were available from the Secretariat of Leisure and Sport. Similarly, there was no evidence the proportion of skier and snowboarder visits by Quebec residents changed between 1995 and 96 (77%) 35 and 1999 and 2000 (76%). 34 Therefore, although the absolute rates are presumably overestimated by including non-Quebec residents in the numerator, we do not believe that the relative rates in the different risk factor categories would be affected.
There are also some potential problems with our numerator data. First, not all injuries are reported to the ski patrol. [5] [6] [7] Injuries are probably more likely to be reported if they interfere with ambulation, 5 are sustained by females, [5] [6] [7] are sustained by children, 5, 7 or are sustained by lower abilitylevel participants. 5 These problems affect any studies that are not focused on closed (ie, cohort) populations but instead rely on presentation of injuries to ski patrollers or medical facilities. Thus, the high rates reported by younger age groups could in part be the result of overreporting, but the higher rates of head and neck injuries among men and boys would not.
Not all ski areas in Quebec provided their injury reports to the Secretariat annually, which would tend to underestimate the absolute rates per 1000 participants or per 1000 outings. However, there is no reason to believe that the numerators would affect the rate comparisons for specific body injury regions by activity, age, sex, or calendar year.
Only the first injury recorded on the ski patrol accident report was used in the estimation of injury rates. The first injury represented most injuries recorded over the study period (85% in 1998 -1999 and 86% in 1996 -1997). Although limiting the analysis will not influence the rate of injury events, it will result in an underestimate of the body region-specific injury rate. There is no reason to believe, however, that 1 particular body region of injury was more often recorded first, second, or third depending on the different risk factor categories. Therefore, the relative rates should not be affected.
Our results also rest on the assumption that skiers and snowboarders have equal exposure in terms of time skied or snowboarded each day. If 1 group were to participate for more hours per outing, then their injury rates would be overestimated. It is likely that some of these possible differences in exposure between snowboarders and skiers would be captured by age and sex, variables we controlled in the analysis.
The adjustment for covariates did not substantially change the rate ratios from what was seen in the crude rates, suggesting that residual confounding by those covariates is not a problem. However, we did not account for other factors that could have had a bearing on injury rates such as ability or experience.
In summary, we found the highest rates of injury among the youngest group. Snowboarders had more injuries of the head and neck, trunk, and upper extremities, whereas skiers were more likely to injure their lower extremities. Males were more at risk for head and neck injuries, whereas females had a greater rate of injuries to the lower extremities. Importantly, the rates of injury to the head, neck, and trunk increased over the 5-year study period. Similarly, collision injury rates increased substantially in snowboarders, particularly for the head, neck, and trunk. This raises concern over the possible role of collisions with the continued proliferation of snowboarders, or a possible increase in risk associated with snow park use where the terrain is modified to accommodate jumping. Possible injury prevention measures include helmet and wrist-guard use, proper instruction, adequate supervision, and proper binding adjustment.
